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Abstract

Objective: The aims of this study were to investigate the long-term outcomes of primary versus postoperative
Gamma Knife radiosurgery (GKRS) for benign meningiomas.

Methods: Three hundred and forty meningioma patients underwent GKRS were retrospectively reviewed. Patients in
the postoperative GKRS group were matched to those in the primary GKRS group, in a 1:1 ratio.

Results: The study consisted of 122 patients, including primary (n=61) and postoperative (n=61) GKRS group.
Thirty-four patients (27.9%) occurred radiological progression after a median follow-up of 72.5 (range, 24.2-254.5)
months. The median time to radiological progression was 85.1 (range, 20.7-205.1) months. The radiological progres-
sion-free survival (PFS) was 100%, 93%, 87%, and 49%, at 1, 3, 5, and 10 years respectively. Thirty-one patients (25.4%)
occurred clinical progression. The clinical PFS was 92%, 89%, 84%, and 60%, at 1, 3, 5,and 10 years. In combined group,
only max diameter > 50 mm was associated with radiological (p =0.020) and clinical PFS (hazard ratio [HR] = 2.896,
95% confidence interval [Cl]=1.280-6.553, p=0.011). Twenty-five patients (20.5%) developed GKRS related adverse
effects, including radiation-induced edema (n=21). Non-skull base tumors (HR=3.611, 95% Cl = 1.489-8.760,
p=0.005) and preexisting peritumoral edema (HR=3.571, 95% Cl=1.167-10.929, p = 0.026) were significantly related
to radiation-induced edema in combined group. There was no significant difference in radiological PFS (p=0.403),
clinical PFS (p=10.336), and GKRS related adverse effects (p=0.138) between primary and postoperative GKRS groups.

Conclusions: Primary GKRS could provide similar radiological and clinical outcomes, as well as similar complication
rate compared with postoperative GKRS. For selective benign meningioma patients (asymptomatic or mildly symp-
tomatic tumors; unfavorable locations for surgical resection; comorbidities or an advanced age), GKRS could be an
alternative primary treatment.
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Introduction
Meningiomas are the most common non-malignant
intracranial tumors, which account for approximately
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the rate of tumor growth is slow, with the mean tumor
volume doubling time of approximately 8 years [2, 3].
However, it is challenging for the treatment of benign
meningiomas. If therapy is indicated, surgical resection
should be considered the first therapeutic option in men-
ingiomas of all WHO grades [4]. Some patients can be
cured by surgical resection alone, especially for benign
tumors in favorable locations. For tumors in unfavorable
locations (such as skull base tumors and those close to
vascular or neural structures), complete surgical resec-
tion is complex and may cause serious complications.
Gamma knife radiosurgery (GKRS) is a less invasive
treatment with low morbidity, more appealing than sur-
gical resection. In a systematic review, meta-analysis
and practice guideline from international stereotactic
radiosurgery society [5], stereotactic radiosurgery (SRS)
is recommended in the following circumstances: 1) com-
plete resection cannot be achieved or is not amenable;
2) as a primary treatment for asymptomatic or mildly
symptomatic meningiomas; 3) for postoperative recur-
rence or progression tumors. For WHO grade I menin-
giomas treated with SRS, the progression-free survival
(PES) ranged from 85 to 100% (median, 89%), and from
53 to 100% (median 85%) at 5 and 10 years respectively,
with a low rate of toxicity [5]. Several studies reported
that prior surgery was related to worse local control [6,
7]. El-Khatib et al. [8] found a better PFS in patients with
primary SRS than with adjuvant or salvage SRS. Pollock
et al. [9] and Sheehan et al. [10] also found that prior
surgery adversely affected tumor control. However, Kim
et al. [11] did not find any relationship between prior sur-
gery and tumor control. Up to now, the effectiveness of
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primary versus postoperative GKRS for benign meningi-
omas is still controversial. Therefore, in order to compare
the outcomes of primary versus postoperative GKRS for
the treatment of benign meningiomas, we performed a
matched cohort retrospective study.

Methods

Patient selection

The medical records of meningioma patients who under-
went GKRS in our center between December 1993 and
December 2017 were retrospectively reviewed. Three
hundred forty patients had complete clinical data and
sufficient follow-up (>24 months) in our center, includ-
ing primary (n=185) and postoperative GKRS (n=155),
respectively. Patients in the postoperative GKRS group
were matched to those in the primary GKRS group.
The patient selection process was shown in Fig. 1. The
indications of primary GKRS for meningiomas in this
study included: 1) asymptomatic or mildly symptomatic
tumors; 2) unfavorable locations for surgical resection
(such as skull base tumors and those close to vascular
or neural structures); 3) because of comorbidities or an
advanced age; 4) patients’ preference. The indication of
postoperative GKRS for meningiomas in this study was
the residual or recurrent meningiomas after surgery.

Radiological and clinical evaluations

All patients were routinely followed up with radiologi-
cal and clinical evaluation every 6 months for the first
3 years and thereafter yearly. The clinical PFS was defined
as the time interval between GKRS and the time of devel-
oping new or worsened neurological symptoms or signs

2017 in our center (n=340)

Meningioma patients with complete clinical and follow-
up =24 months from December 1993 to December

!

Postoperative GKRS for
meningioma patients (n=155)

Exclusion criteria:

* WHO II/lIl (n=31)
* Unknown WHO grade (n=28)

Primary GKRS for a 1:1
meningioma patients (n=180) PS Matching

Postoperative GKRS for .
meningioma patients (n=82)

Prior radiotherapy (n=14)

e

122 patients

Study cohort comprising primary (n=61) and
postoperative (n=61) GKRS group

Fig. 1 Flowchart showing the patient selection process
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in this study. Tumor shrinkage was defined as at least 10%
shrinkage in at least one of the meningioma diameters.
Tumor progression was defined as tumor enlargement
at least 10% in at least one of the meningioma diameters
[12]. Distant failure was defined as a new meningioma
outside the prior irradiated area appearing during follow-
up MRI [12]. Tumor volume was calculated using the
following formula: V=anteroposterior diameter x hori-
zontal diameter x vertical diameter x 1/6 [13].

Radiosurgical techniques

The GKRS treatment was performed using Leksell
Gamma Knife (Elekta Instruments, Inc, Stockholm, Swe-
den). Before April 2014, all of the patients were treated
with Gamma Knife Unit B. Perfexion Unit was used from
April 2014 to the present. After local anesthesia, Leksell
stereotactic frame G was placed, then stereotactic MRI
with contrast was performed to obtain precise imaging
data of tumors for target delineation. GKRS treatment
plan was designed by experienced neurosurgeons, medi-
cal physicists and radiation oncologists. All of patients in
this study underwent single session of GKRS.

Statistical analysis

The normality of distribution of continuous variables
was assessed with Kolmogorov—Smirnov test. Continu-
ous variables with normal distribution were reported as
mean (+SEM). Variables not normally distributed were
analyzed using median and interquartile ranges (IQR).
homogeneity of variance in continuous variables was
tested by F test. Categorical variables were presented
as frequency and percentage. An independent-sample
t-test was used to compare means of continuous vari-
ables with normal distribution. The Wilcoxon rank-sum
test was used when continuous variables were not nor-
mally distributed. Chi-square tests were used for the sta-
tistical analysis of categorical variables. Patients in the
postoperative GKRS group were matched to those in the
primary GKRS group, using propensity scores, in a 1:1
ratio based on sex, age, max tumor diameter, preexisting
peritumoral edema (PTE), GKRS margin dose and tumor
location (divided as skull base tumors and non-skull base
tumors). The “nearest neighbor” method was used for
propensity matching with a caliper of 0.10. Log-rank test
statistics and a step forward likelihood ratio method of
Cox proportional hazard models were used to perform
univariate analysis and multivariate analysis respectively.
Kaplan—Meier curves were plotted for progression-free
survival (PES), clinical PFS and proportion with radia-
tion-induced edema. Probability values <0.05 were con-
sidered statistically significant. IBM’s SPSS version 26.0
(IBM) with R essential package (R 3.5.0) was used for sta-
tistical analysis.

Page 3 of 14

Results

Baseline and treatment characteristics

After matching on propensity scores, the study popula-
tion consisted of 122 patients, including primary (n=61)
and postoperative GKRS groups (n=61) (Fig. 1). Each
group consisted of 17 (27.9%) males. The mean age was
46.8 and 47.6 years in the primary and postoperative
GKRS group. There were 22 (36.1%) and 21 (34.4%) non-
skull base tumors in primary and postoperative GKRS
group respectively. In the primary GKRS group, the
median baseline max tumor diameter, baseline tumor
volume, margin dose, max dose and prescription isodose
were 34.8 mm, 13.1 ml, 13.0 Gy, 32.5 Gy and 40%, respec-
tively. In the operative GKRS group, the median baseline
max tumor diameter, baseline tumor volume, margin
dose, max dose and prescription isodose were 35.3 mm,
12.5 ml, 13.0 Gy, 33.0 Gy and 40%, respectively. More
symptomatic tumors were in the postoperative GKRS
group (p<0.026). Other baseline and treatment charac-
teristics were similar in the two groups. (Table 1).

Surgical complications in the postoperative GKRS group

In the postoperative GKRS group, these patients under-
went surgical resection in different hospitals. Among
them, 43 patients underwent surgical resection in our
hospital. There were 40 (65.6%) and 21 (34.4%) patients
with residual and recurrence tumors after surgery. Fif-
teen (24.6%) patients presented with new or worsened
neurological symptoms or signs, including cranial nerve
(CN) disfunction (n=8), hemiparesis (n=1), extrem-
ity weakness (n=2), lower extremity numbness (n=1),
ataxia (n=2), seizures (n=3) and memory decline (n=1)
(Table 2).

Radiological outcomes after GKRS

In the combined group, 34 patients (27.9%) occurred
radiological progression after a median follow-up of 72.7
(range, 24.2—-254.5) months. The median time to radio-
logical progression was 85.1 (range, 20.7—205.1) months.
The radiological PFS was 100%, 93%, 87%, and 49%, at 1,
3, 5, and 10 years respectively (Fig. 2). Follow-up MRI
confirmed radiological progression in 14 (23.0%) and 20
(32.8%), distant failure in 5 (8.2%) and 8 (13.1%), tumor
control in 47 (77.0%) and 41 (67.2%) patients in primary
and postoperative GKRS group respectively (Table 3).
There was no significant difference in radiological pro-
gression (p=0.403) (Fig. 3) and distant failure (p =0.480)
between primary and postoperative GKRS groups by log-
rank test. For further treatment, in the primary GKRS
group, 12 patients underwent repeat GKRS for tumor
radiological progression, 1 patient with tumor located
at convexity underwent surgical resection, another
patient located at CPA underwent surgical resection and
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Table 1 Comparison of the baseline and treatment characteristics between the primary and postoperative GKRS group

Characteristic Primary GKRS Postoperative GKRS PValue Combined group
No. of patients 61 61 NA 122

Male, n (%) 17 (27.9) 17 (27.9) >0.999 34(27.9)

Mean age, years 468+15 476+13 0.688 472%£10
Non-skull base tumors, n (%) 22 (36.1) 21 (344) 0.850 43 (35.2)

Mean max diameter, mm 348+15 353415 0.819 350+£1.1
Tumor volume, median, (IQR), ml 13.1(5.8-18.8) 125 (5.7-21.1) 0.860 12.8(5.7-21.0)
Preexisting PTE, n, (%) 6(9.8) 5(8.2) 0.752 11 (9.0)

FU duration, median, (IQR), months 73.8(42.0-92.5) 68.5(37.0-1126) 0.961 72.7 (37.5-103.6)
Symptomatic tumors, n, (%) 31 (50.8) 43 (70.5) 0.026* 74 (60.7)

CN dysfunction 24 24 NA 48

I 0 1 NA 1

Il 6 16 NA 22

11I/1IV/VI 5 5 NA 10

V 11 2 NA 13

VI 4 1 NA 5

Wi 6 3 NA 9

IX 1 1 NA 2

X 1 1 NA 2

Headache 6 16 NA 22

Seizures 3 2 NA 5

Vomiting 0 2 NA 2

Extremity numbness 1 3 NA 4

Extremity weakness 2 3 NA 5

Ataxia 2 3 NA 5

Tumor location NA NA NA NA

Foramen magnum 0 1 NA 1

Frontobasal 2 3 NA 5

Tentorium 2 4 NA 6

Convexity 2 5 NA

CPA 9 1 NA 20
Falx/parasagittal 19 15 NA 34
Intraventricular 1 1 NA 2

Orbital 1 3 NA 4
Parasellar/cavernous sinus 12 4 NA 16

Petroclival 5 1 NA 6

Sphenoidal 7 8 NA 15

Suprasellar 1 5 NA 6

Margin dose, median, (IQR), Gy 13.0(12.0-13.0) 13.0 (12.0-14.0) 0.522 13.0(12.0-13.5)
Maximum dose, median, (IQR), Gy 32.5(30.0-34.2) 33.0(30.0-35.0) 0.369 32.5(30.0-35.0)
Prescription isodose, median, (IQR), % 40 (38-40) 40 (35-43) 0576 40.0 (36.3-40.8)

Data are expressed as number, mean £ SEM, median and IQR, or percentage

Abbreviations: FU follow up, GKRS gamma knife radiosurgery, PTE peritumoral edema, /QR interquartile range, CPA cerebellopontine angle

* Statistically significant (P<0.05)

repeated GKRS for residual tumor. In the postopera-
tive GKRS group, 15 patients underwent repeat GKRS
for tumor radiological progression, 2 patients located at
falx/parasagittal underwent surgical resection, 1 patient
located at petroclival underwent surgical resection and

repeated GKRS for residual tumor, another 2 patients
were lost to follow-up.

In univariate analysis, max tumor diameter (> 50 mm)
(p=0.005) (Fig. 4A) and tumor margin dose (p=0.021)
were significantly associated with tumor radiological
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Table 2 Clinical neurological symptoms or signs after surgical
resection in postoperative GKRS group

Outcomes of neurological symptoms or signs Postoperative

GKRS, n=61

Improvement 23
Stable 23
New or worsened, n (%) 1
CN dysfunction 8
I 1
Il 2
N/IV/VI 5
\Y 1
VI 2
VIl 1
IX 1
Hemiparesis 1
Extremity weakness 2
Lower extremity numbness 1
Ataxia 2
Seizures 3
Memory decline 1

Abbreviations: GKRS gamma knife radiosurgery, CN cranial nerve
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progression in the primary GKRS group; male (p=0.025)
(Fig. 4B) and max tumor diameter (>50 mm) (p =0.020)
(Fig. 4C) were significantly associated with tumor radio-
logical progression in postoperative GKRS and combined
group respectively. In multivariate analysis, only max tumor
diameter (>50 mm) (hazard ratio (HR) =5.650, 95% con-
fidence interval (CI)=1.450-22.017, p=0.013) and male
(HR=2.824, 95% CI=1.099-7.252, p=0.031) were signifi-
cantly related to tumor radiological progression in primary
and postoperative GKRS group respectively (Table 4).

Clinical outcomes after GKRS

After GKRS, neurological symptoms or signs improved
in 18 patients, and remained stable in 73 patients.
Thirty-one patients (25.4%) occurred clinical progres-
sion (Table 3). The median time to clinical progression
was 48.9 (range, 2.0-196.9) months. Of the 31 patients,
19 patients (61.3%) with neurological symptoms or signs
deterioration were due to tumor radiological progres-
sion, 7 patients (22.6%) were due to symptomatic radia-
tion-induced edema, 1 patient was due to distant failure,
another 4 patients developed CN dysfunction (n=2),
memory decline (n=1) or seizures (n=1) without tumor
progression and PTE might be caused by GKRS. The
clinical PES was 92%, 89%, 84%, and 60%, at 1, 3, 5, and
10 years (Fig. 5). The log-rank test showed no significant
difference in clinical PFS (p=0.336) between primary
and postoperative GKRS groups.
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Fig. 2 Kaplan-Meier curve of radiological PFS in combined group. The PFS was 100%, 93%, 87%, and 49%, at 1, 3, 5, and 10 years
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Table 3 GKRS treatment outcomes in the primary GKRS, postoperative GKRS and combined group
Outcomes Primary GKRS, n=61, (%) Postoperative GKRS, n=61, P value Combined
(%) group, n=122,
(%)
Radiological outcomes NA NA NA NA
Tumor control 47 (77.0) 41(67.2) NA 88 (72.1)
Tumor shrinkage 32 31 NA 63 (51.6)
Stable tumor 15 10 NA 25 (20.5)
Progression 14 (23.0) 20(32.8) 0.403 34 (27.9)
Distant failure 5(8.2) 8(13.1) 0480 13(10.7)
GKRS related adverse effects 16 (26.2) 9(14.8) 0.138 25 (20.5)
Radiation-induced edema 14 (23.0) 7(11.5) 0.102 21(17.2)
Symptomatic 5 2 NA 7
Asymptomatic 9 5 NA 14
Clinical outcomes NA NA NA NA
Improvement 11 7 NA 18
Stable 33 40 NA 73
Clinical progression 17 (27.9) 14 (23.0) 0336 31 (254)
CN dysfunction 10 6 NA 16
I 1 0 NA 1
Il 4 3 NA 7
11I/1IV/VI 6 1 NA 7
v 4 2 NA 6
VI 1 1 NA 2
Vil 0 1 NA 1
Headache 5 4 NA 9
Seizures 4 2 NA 6
Extremity numbness 2 1 NA 3
Extremity weakness 1 2 NA 3
Memory decline 1 1 NA 2
In univariate analysis, non-skull base tumors adverse effects (p=0.138) between primary and post-

(p=0.039) and preexisting PTE (p =0.003) (Fig. 6A) were
significantly associated with clinical PFS in the primary
GKRS group; max tumor diameter (> 50 mm) was signifi-
cantly associated with clinical PFS in postoperative GKRS
(p=0.027) (Fig. 6B) and combined groups (p=0.007)
(Fig. 6C). In multivariate analysis, only preexisting PTE
(HR=6.597, 95% CI=1.598-27.224, p=0.009) and max
tumor diameter (> 50 mm) (HR=2.896, 95% CI=1.280—
6.553, p=0.011) were significantly related to clinical PFS
in primary GKRS and combined groups respectively
(Table 4).

GKRS related adverse effects

Twenty-five patients (20.5%) developed GKRS related
adverse effects, including CN dysfunction (n=2), mem-
ory decline (n=1) or seizures (n=1), and radiation-
induced edema (n=21) (Fig. 7). The median time to
GKRS related adverse effects was 8.0 (2.0—74.5) months.
There was no significant difference in GKRS related

operative GKRS groups by log-rank test. The most com-
mon GKRS related adverse effect was radiation-induced
edema. The median time to radiation-induced edema
was 7.3 (range, 2.0-74.5) months. Seven patients were
symptomatic edema, including 5 and 2 patients in the
primary and postoperative GKRS group. Among of them,
1 patient presented with severe radiation-induced edema
and necrosis underwent surgical resection in the post-
operative GKRS group. In the primary GKRS group, 1
patient underwent surgical resection for severe radiation-
induced edema and necrosis, 1 patient underwent sur-
gery for seizure due to severe radiation-induced edema.
Another 4 patients with symptomatic edema were under
control by oral corticosteroids. Fourteen patients with
asymptomatic edema were under observation. (Table 3).
In univariate analysis, non-skull base tumors
(p<0.001) (Fig. 8A) and preexisting PTE (p<0.001)
(Fig. 8B) were significantly associated with radiation-
induced edema in the primary GKRS group; non-skull
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base tumors (p=0.003) (Fig. 8C) and preexisting PTE
(p=0.026) (Fig. 8D) were significantly associated with
radiation-induced edema in combined group. In mul-
tivariate analysis, non-skull base tumors (HR=7.935,
95% CI=2.118-29.727, p=0.002) and preexisting PTE
(HR=3.572, 95% CI=1.012-12.611, p=0.048) were sig-
nificantly related to radiation-induced edema in the pri-
mary GKRS group. Non-skull base tumors (HR=3.611,
95% CI=1.489-8.760, p=0.005) and preexisting PTE
(HR=3.571, 95% CI=1.167-10.929, p=0.026) were
significantly related to radiation-induced edema in com-
bined group. (Table 4).

Discussion

Although surgical resection is the mainstay in the man-
agement of meningiomas, it may not be preferred or
advisable for all patients due to unfavorable location,
comorbidities or advanced age. However, GKRS can pro-
vide an alternative treatment for primary and postopera-
tive residual or recurrent meningiomas.

Advantages and limitations of surgical resection
Surgical resection has the advantages of rapid tumor
removal, relief of symptoms, and accurate pathological
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diagnosis. However, surgical resection is an inva-
sive method, highly depends on tumor location, and
can bring about significant morbidity and mortality.
Naslund et al. [14] reported that asymptomatic menin-
gioma patients had a significantly higher rate of thirty-
day complication and were less likely to work full time
than preoperative status after surgical resection [15]. In
a study of 34 patients with skull base meningiomas, sur-
gical morbidities occurred in 10 patients (29.4%), with 1
case of mortality [16]. In the postoperative GKRS group
of the current study, 15 patients (24.6%) developed new
or worsened neurological symptoms or signs after sur-
gical resection. However, recognizing the important of

providing a better quality of life and advanced in neuro-
surgical care, maximum safe resection with low morbid-
ity and preserving neurological function are current aims
of neurosurgeons [17, 18].

Tumor control and related factors

Recent studies have reported PFS of WHO grade I men-
ingiomas treated with SRS ranged from 85 to 100%
(median, 89%), and from 53 to 100% (median 85%)
at 5 and 10 years respectively [5]. Hasegawa et al. [7]
reported SRS treatment outcomes of 67 benign men-
ingioma patients aged > 65 years, actuarial local tumor
rates at 5 and 10 years were 86% and 72%, respectively.
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Previous surgery was significantly associated with failed
local tumor control. In a study by Starke et al. [19], 75
large skull base meningioma (>8 cm?®) patients under-
went SRS, PES at 5, and 10 years were 88.6%, and 77.2%,
respectively. Presentation with any CN deficit, history of
radiotherapy and TV > 14 cm® were covariates associated
with tumor progression. In a study by Azar et al. [20], 122
sphenopetroclival meningiomas were treated with GKRS.
PES was 56.6% at 5 years. Younger age and lower tumor
volume were the main prognostic factors for PFS. Other
risk factors, such as male, tumor margin dose, pre-GKRS
Karnofsky Performance Scale score, tumors located in
the parasagittal/falx/convexity regions had been reported
to be associated with tumor progression in some stud-
ies [9, 10, 13]. However, Kim et al. [11] and Ge et al. [13]
failed to find any relationship between prior surgery
and tumor control after SRS. Therefore, whether pri-
mary SRS is preferable to postoperative SRS still remains
controversial.

In current study, the median tumor max diameter and
tumor volume were 35 mm and 12.8 ml. The PFS was
87%, and 49%, at 5, and 10 years respectively, which was a
little lower than studies of Hasegawa et al. [7] and Starke
et al. [19], but higher than the study of Azar et al. [20].
Perhaps, the tumor control rate decreased due to the
large tumor size in our study. Max diameter > 50 mm was
significantly related to tumor radiological progression in
thr combined group. The tumor radiological progression

rate in the postoperative GKRS group was a little higher
than that in the primary GKRS group (32.8% VS 23.0%).
However, it did not reach a significant difference by log-
rank test (p =0.403). Previous surgery did not adversely
affect the tumor control rate in our study. The result was
similar to the studies of Kim et al. [11] and Ge et al. [13].
Some studies had investigated staged or multisession
SRS for large meningiomas. Marchetti et al. [21] reported
143 patients who underwent multisession SRS. The
median prescription dose was 25 Gy delivered in 3 to 5
fractions. The PFS at 5, and 8 years was 93%, and 90%,
respectively, higher than our study. However, the short-
term median follow-up of 44 months might not be suffi-
cient for meningiomas. Iwai et al. [22] reported outcomes
of staged GKRS for 27 patients with large skull base men-
ingiomas. The median tumor diameters and volume were
39.4 mm and 27.5 cm?® respectively. PFS was 78%, 70%
and 70% at 5, 10 and 15 years, respectively. Several stud-
ies reported Hypofractionated stereotactic radiotherapy
(HFRT) for large meningiomas [23-26]. Although the
number of patients was limited, 2 studies suggested a
potential better tumor control rate in patients treated
with HSRT. Han et al. [26] reported 70 large menin-
gioma patients (>10 cm?® who underwent GKRS. The
HEFRT group provided higher PFES rate at 5 years than
the single-session GKRS group (92.9% vs. 88.1%), but no
difference (P=0.389). The HFRT group experienced a
lower complication rate than single-session GKRS group
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(P=0.017). Another study by Manabe et al. [24] did not
find any difference in PFS between 5-fraction HFRT and
single-session SRS. Therefore, up to now, the safety and
efficacy of HFRT remain uncertain. Higher-level evi-
dence is needed.

Clinical outcomes and related factors

Previous studies reported the median neurological dete-
rioration rate was 7.4% (range, 0%-13.3%) [5]. In the
study of Gupta et al. [27], the actuarial symptom control
of GKRS for 117 asymptomatic meningioma patients at 5
and 10 years was 86% and 70%, respectively. In the study
of Ge et al. [13], neurological symptoms or signs deteri-
orated in 7 (5.4%) after GKRS. Tumor volume > 10 cm?
and pre-GKRS CN deficit were risk factors associated
with neurological symptoms or signs of deterioration. In
the current study, 31 patients (25.4%) occurred clinical

progression. The reasons of clinical progression con-
sisted of tumor radiological progression, symptomatic
radiation-induced edema, distant failure and GKRS. The
clinical PFS was 84%, and 60%, at 5, and 10 years. In the
combined group, max tumor diameter (>50 mm) was
significantly related to clinical PFS in multivariate anal-
ysis (p=0.011). There was no significant difference in
clinical PFS between primary and postoperative GKRS
groups by log-rank test. The neurological symptoms or
signs rate in our study was higher than the study of Ge
et al. (25.4% VS 5.4%). This was because of larger tumors
and long-term follow-up in our study.

Radiation related adverse effects

Previous studies reported the median SRS related toxicity
rate was 8.0% (range, 2.5%-34.6%) [5]. Factors reported to
be associated with SRS related toxicity included tumor
location in the anterior fossa, nonbasal location, no prior
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surgery, present pretreatment PTE, higher margin dose,
tumor volume>10 ml, and age>60 years [7, 28-35]. In
the study of Hasegawa et al. [7], the median tumor mar-
gin dose and tumor volume were 16 Gy and 4.9 (range,
0.7-22.9) cm? respectively. Mild or moderate adverse
events were noted in 9 patients (13.4%). A higher margin
dose was significantly related to adverse effects in univar-
iate analysis. In a study of Pollock et al. [9], the median
margin dose and tumor volume were 16 Gy and 7.3 cm?
respectively. Forty-five patients (11%) developed perma-
nent radiation-related complications. Increasing tumor
volume and patients with tumor of the parasagittal/flax/
convexity were risk factors associated with radiation-
related complications. In the study of Seo et al. [35], the
median tumor volume and marginal dose were 4.35 cm?
and 14 Gy, respectively. Symptomatic PTE was identified
in 36 (8.5%) patients, and the risk factor related to poor
PTE was the presence of PTE before GKRS (P<0.001).
Permanent complication rate was 4%.

In the current study, 25 patients (20.5%) developed
GKRS related adverse effects, including CN dysfunc-
tion (n=2), memory decline (n=1) or seizures (n=1),
and radiation-induced edema (z=21). The incidence
of GKRS related adverse effects in our study was a little
higher than other studies. This may be due to many large
meningiomas in this study. Radiation-induced edema
was the most common radiation-related adverse effect,
accounting for 15% to 28% [28, 29, 31, 32, 36—39]. Several
risk factors, including parasagittal location, sagittal sinus
occlusion, preexisting PTE, tumor volume, radiation dose
and hemispheric tumor location had been reported to be
associated with PTE [28, 29, 31, 32, 37-39]. In a study of
Hasegawa et al. [6], the incidence of symptomatic radia-
tion-induced edema was significantly higher in patients
who underwent GKRS as the initial treatment. Fewer
prior treatments and low margin dose were significantly
associated with radiation-induced edema. In the study of
Cai et al. [28], of 182 meningiomas treated with SRS, 45
(24.7%) developed post-SRS PTE. Preexisting PTE and
tumor-brain contact interface area were the most signifi-
cant risk factors for post-SRS PTE. In the current study,
non-skull base tumors and preexisting PTE were sig-
nificantly related to radiation-induced edema in primary
GKRS and combined groups in multivariate analysis. No
risk factor was found related to radiation-induced edema
in postoperative GKRS group.

Study limitations

This is a retrospective cohort study of primary versus
postoperative GKRS for intracranial benign meningi-
omas. Several limitations should be noticed. First, pro-
pensity score matching was used to reduce baseline
differences between primary GKRS and postoperative
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GKRS groups, but it can never adjust for unmeasured
confounder factors. Therefore, propensity score match-
ing can never result in definitive conclusions about
cause-effect relationships. Second, treatment and selec-
tion biases cannot be ignored in a retrospective study.
Third, in the primary GKRS group, these patients did not
undergo surgical resection before GKRS and were lack
of pathological information, which probably consisted
of some WHO II/IIl grade meningiomas, and might
underestimate the tumor control rate. Four, the relatively
small number of patients in this study might lead to the
limited statistical power. Finally, the GKRS instrument
was upgraded in 2014, which might influence treatment
strategy.

Conclusions

In this long-term retrospective matched cohort study, we
found that primary GKRS could provide similar radiolog-
ical and clinical outcomes, as well as similar complication
rates compared with postoperative GKRS. The tumor
control rate was 72.1%. The clinical progression rate was
25.1%. GKRS related adverse effects occurred in 20.5%.
Because of many large tumors in this study, the 10-year
PES rate was 49%, which was relatively low. Therefore,
further study is needed to improve the tumor control
rate for large tumors. In conclusion, for selective benign
meningioma patients (asymptomatic or mildly sympto-
matic tumors; unfavorable locations for surgical resec-
tion; comorbidities or advanced age), GKRS could be an
alternative primary treatment.

Acknowledgements
Not applicable.

Authors’ contributions

Junyi Fu, Jiamin Zeng, Minyi Huang, Longchang Xie, Yong He, Shunyao Liang,
and Yinhui Deng collected the data; Junyi Fu, and Jiamin Zeng analyzed

the data; Junyi Fu, and Jinxiu Yu wrote the paper; Jinxiu Yu conceived and
designed the study; Longchang Xie, Yong He and Jinxiu Yu revised the article;
all the authors agreed on the final paper.

Funding

This work was supported by Science and Technology Program of Guangzhou
(202007030001) (Grant recipient: Yong He), Doctoral initiation project of
Second Affiliated Hospital of Guangzhou Medical University (010G271104)
(Grant recipient: Junyi Fu) and the Science and Technology plan project of
Guangdong Province (2014A020212604) (Grant recipient: Longchang Xie).

Availability of data and materials

The datasets generated and/or analysed during the current study are not
publicly available due to part of the data in the study related to other studies,
but are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

All procedures performed in this study were in accordance with the ethical
standards of the institutional and the 1964 Helsinki declaration and its later
amendments. Informed consent was obtained from all individual participants



Fu et al. BMC Cancer (2022) 22:206

included in the study. This study was approved by the institutional committee
of the Second Affiliated Hospital of Guangzhou Medical University.

Consent for publication
Not applicable.

Competing interests
The authors declare that there is no conflict of interest that could be per-
ceived as prejudicing the impartiality of the research reported.

Author details

'Department of Neurology, The Second Affiliated Hospital of Guangzhou
Medical University, Guangzhou 510260, Guangdong, China. 2Department

of Pathology, The Second Affiliated Hospital of Guangzhou Medical University,
Guangzhou 510260, Guangdong, China. *Department of Radiotherapy,

The Second Affiliated Hospital of Guangzhou Medical University, Guang-
zhou 510260, Guangdong, China.

Received: 5 August 2021 Accepted: 21 February 2022
Published online: 24 February 2022

References

1. Ostrom QT, Cioffi G, Gittleman H, Patil N, Waite K, Kruchko C, Barnholtz-
Sloan JS. CBTRUS Statistical Report: Primary Brain and Other Central Nerv-
ous System Tumors Diagnosed in the United States in 2012-2016. Neuro
Oncol. 2019;21(Suppl 5):v1-100.

2. Jung HW, Yoo H, Paek SH, Choi KS. Long-term outcome and growth rate

of subtotally resected petroclival meningiomas: experience with 38 cases.

Neurosurgery. 2000;46(3):567-74 discussion 574-565.

3. Hashimoto N, Rabo CS, Okita Y, Kinoshita M, Kagawa N, Fujimoto Y,

Morii E, Kishima H, Maruno M, Kato A, et al. Slower growth of skull base
meningiomas compared with non-skull base meningiomas based on
volumetric and biological studies. J Neurosurg. 2012;116(3):574-80.

4. Goldbrunner R, Stavrinou P, Jenkinson MD, Sahm F, Mawrin C, Weber DC,
Preusser M, Minniti G, Lund-Johansen M, Lefranc F, et al. EANO guideline
on the diagnosis and management of meningiomas. Neuro Oncol.
2021,;23(11):1821-34.

5. Marchetti M, Sahgal A, De Salles AAF, Levivier M, Ma L, Paddick I, Pollock
BE, Regis J, Sheehan J, Suh JH, et al. Stereotactic Radiosurgery for Intracra-
nial Noncavernous Sinus Benign Meningioma: International Stereotactic
Radiosurgery Society Systematic Review, Meta-Analysis and Practice
Guideline. Neurosurgery. 2020;87(5):879-90.

6. HasegawaT, KidaY, Yoshimoto M, lizuka H, Ishii D, Yoshida K. Gamma
Knife surgery for convexity, parasagittal, and falcine meningiomas. J
Neurosurg. 2011;114(5):1392-8.

7. Hasegawa H, Hanakita S, Shin M, Koga T, Takahashi W, Nomoto AK,
Sakuramachi M, Saito N. Single-Fractionated Stereotactic Radiosurgery
for Intracranial Meningioma in Elderly Patients: 25-Year Experience at a
Single Institution. Oper Neurosurg (Hagerstown, Md). 2018;14(4):341-50.

8. El-Khatib M, El Majdoub F, Hunsche S, Hoevels M, Kocher M, Sturm'V,
Maarouf M. Stereotactic LINAC radiosurgery for the treatment of typical
intracranial meningiomas. Efficacy and safety after a follow-up of over 12
years. Strahlenther Onkol. 2015;191(12):921-7.

9. Pollock BE, Stafford SL, Link MJ, Brown PD, Garces YI, Foote RL. Single-
fraction radiosurgery of benign intracranial meningiomas. Neurosurgery.
2012;71(3):604-12 discussion 613.

10. Sheehan JP, Starke RM, Kano H, Kaufmann AM, Mathieu D, Zeiler FA,
West M, Chao ST, Varma G, Chiang VL, et al. Gamma Knife radiosurgery
for sellar and parasellar meningiomas: a multicenter study. J Neurosurg.
2014;120(6):1268-77.

11. Kim JW, Kim DG, Se YB, Kim SK, Chung HT, Paek SH, Jung HW. Gamma
Knife Radiosurgery for Petroclival Meningioma: Long-Term Outcome and
Failure Pattern. Stereotact Funct Neurosurg. 2017;95(4):209-15.

12. Pou P, Biau J, Verrelle P, Lemaire JJ, El Ouadih Y, Chassin V, Magnier F,
Dedieu V, Lapeyre M, Dupic G, et al. Long-Term Outcomes After Linac
Radiosurgery for Benign Meningiomas. Clinical Oncol (R Coll Radiol).
2020;32(7):452-8.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Page 13 of 14

GeY, Liu D, Zhang Z, LiY, Lin Y, Wang G, Zong Y, Liu E. Gamma Knife radio-
surgery for intracranial benign meningiomas: follow-up outcome in 130
patients. Neurosurg Focus. 2019;46(6):E7.

Naslund O, Skoglund T, Farahmand D, Bontell TO, Jakola AS. Indications
and outcome in surgically treated asymptomatic meningiomas: a single-
center case-control study. Acta neurochir. 2020;162(9):2155-63.

Yano S, Kuratsu J. Kumamoto Brain Tumor Research G: Indications for sur-
gery in patients with asymptomatic meningiomas based on an extensive
experience. J Neurosurg. 2006;105(4):538-43.

Liu H, Qian H, Li X, Zuo F, Meng X, Liu S, Wan J. Clinial Features, Individual-
ized Treatment and Long-Term Surgical Outcomes of Skull Base Meningi-
omas With Extracranial Extensions. Front Oncol. 2020;10:1054.

Di Maio S, Ramanathan D, Garcia-Lopez R, Rocha MH, Guerrero FP, Ferreira
M Jr, Sekhar LN. Evolution and future of skull base surgery: the paradigm
of skull base meningiomas. World neurosurgery. 2012;78(3-4):260-75.
Misra BK. The paradigm of skull base meningiomas: what is optimal?
World neurosurgery. 2012;78(3-4):220-1.

Starke RM, Przybylowski CJ, Sugoto M, Fezeu F, Awad AJ, Ding D, Nguyen
JH, Sheehan JP. Gamma Knife radiosurgery of large skull base meningi-
omas. J Neurosurg. 2015;122(2):363-72.

Azar M, Kazemi F, Chanideh I, Amirjamshidi A, Amini E, Ghanavati P.
Gamma Knife Radiosurgery in Sphenopetroclival Meningiomas: Pre-
liminary Experience at the Iran Gamma Knife Center. World Neurosurg.
2016;93:39-43.

Marchetti M, Bianchi S, Pinzi V, Tramacere |, Fumagalli ML, Milanesi IM,
Ferroli P, Franzini A, Saini M, DiMeco F, et al. Multisession Radiosurgery
for Sellar and Parasellar Benign Meningiomas: Long-term Tumor Growth
Control and Visual Outcome. Neurosurgery. 2016;78(5):638-46.

IwaiY, Yamanaka K, Shimohonji W, Ishibashi K. Staged Gamma

Knife Radiosurgery for Large Skull Base Meningiomas. Cureus.
2019;11(10):e6001.

Demiral S, Dincoglan F, Sager O, Gamsiz H, Uysal B, Gundem E, Elcim Y,
Dirican B, Beyzadeoglu M. Hypofractionated stereotactic radiotherapy
(HFSRT) for who grade | anterior clinoid meningiomas (ACM). Jpn J
Radiol. 2016;34(11):730-7.

Manabe Y, Murai T, Ogino H, Tamura T, lwabuchi M, Mori Y, Iwata H, Suzuki
H, Shibamoto Y. CyberKnife Stereotactic Radiosurgery and Hypofraction-
ated Stereotactic Radiotherapy As First-line Treatments for Imaging-diag-
nosed Intracranial Meningiomas. Neurol Med Chir. 2017;57(12):627-33.
Navarria P, Pessina F, Cozzi L, Clerici E, Villa E, Ascolese AM, De Rose F,
Comito T, Franzese C, D'Agostino G, et al. Hypofractionated stereo-

tactic radiation therapy in skull base meningiomas. J Neurooncol.
2015;124(2):283-9.

Han MS, Jang WY, Moon KS, Lim SH, Kim 1Y, Jung TY, Jung S. Is Fraction-
ated Gamma Knife Radiosurgery a Safe and Effective Treatment Approach
for Large-Volume (>10 cm(3)) Intracranial Meningiomas? World Neuro-
surg. 2017,99:477-83.

Gupta A, Xu Z, Cohen-Inbar O, Snyder MH, Hobbs LK, Li C, Nguyen QT,
Sheehan JP. Treatment of Asymptomatic Meningioma With Gamma Knife
Radiosurgery: Long-Term Follow-up With Volumetric Assessment and
Clinical Outcome. Neurosurgery. 2019;85(5):E889-99.

Cai R, Barnett GH, Novak E, Chao ST, Suh JH. Principal risk of peritumoral
edema after stereotactic radiosurgery for intracranial meningioma is
tumor-brain contact interface area. Neurosurgery. 2010;,66(3):513-22.
Chang JH, Chang JW, Choi JY, Park YG, Chung SS. Complications after
gamma knife radiosurgery for benign meningiomas. J Neurol Neurosurg
Psychiatry. 2003;74(2):226-30.

Chung HT, Kim DG, Paek SH, Jung HW. Development of dose-volume
relation model for gamma knife surgery of non-skull base intracranial
meningiomas. Int J Radiat Oncol Biol Phys. 2009;74(4):1027-32.

Kollova A, Liscak R, Novotny J Jr, Vladyka V, Simonova G, Janouskova

L. Gamma Knife surgery for benign meningioma. J Neurosurg.
2007;107(2):325-36.

Lee SR, Yang KA, Kim SK, Kim SH. Radiation-induced intratumoral necrosis
and peritumoral edema after gamma knife radiosurgery for intracranial
meningiomas. J Korean Neurosurgical Soc. 2012;52(2):98-102.
MindermannT, de Rougemont O. The significance of tumor location for
Gamma Knife treatment of meningiomas. Stereotact Funct Neurosurg.
2004;82(4):194-5.

Santacroce A, Walier M, Regis J, Liscak R, Motti E, Lindquist C, Kemeny

A Kitz K, Lippitz B, Martinez Alvarez R, et al. Long-term tumor control of



Fuetal. BMC Cancer  (2022) 22:206 Page 14 of 14

benign intracranial meningiomas after radiosurgery in a series of 4565
patients. Neurosurgery. 2012;70(1):32-9 discussion 39.

35, Seo,Kim DG, Kim JW, Han JH, Chung HT, Paek SH. Long-Term Outcomes
After Gamma Knife Radiosurgery for Benign Meningioma: A Single Insti-
tution’s Experience With 424 Patients. Neurosurgery. 2018;83(5):1040-9.

36. Singh VP, Kansai S, Vaishya S, Julka PK, Mehta VS. Early complications
following gamma knife radiosurgery for intracranial meningiomas. J
Neurosurg. 2000;93(Suppl 3):57-61.

37. Novotny J Jr, Kollova A, Liscak R. Prediction of intracranial edema after
radiosurgery of meningiomas. J Neurosurg. 2006;105(Suppl):120-6.

38. Kuhn EN, Taksler GB, Dayton O, Loganathan A, Bourland D, Tatter SB,
Laxton AW, Chan MD. Is there a tumor volume threshold for postra-
diosurgical symptoms? A single-institution analysis. Neurosurgery.
2014;75(5):536-45 discussion 544-535; quiz 545.

39. Mansouri A, Larjani S, Klironomos G, Laperriere N, Cusimano M, Gentili F,
Schwartz M, Zadeh G. Predictors of response to Gamma Knife radiosur-
gery for intracranial meningiomas. J Neurosurg. 2015;123(5):1294-300.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Primary versus postoperative gamma knife radiosurgery for intracranial benign meningiomas: a matched cohort retrospective study
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Patient selection
	Radiological and clinical evaluations
	Radiosurgical techniques
	Statistical analysis

	Results
	Baseline and treatment characteristics
	Surgical complications in the postoperative GKRS group
	Radiological outcomes after GKRS
	Clinical outcomes after GKRS
	GKRS related adverse effects

	Discussion
	Advantages and limitations of surgical resection
	Tumor control and related factors
	Clinical outcomes and related factors
	Radiation related adverse effects
	Study limitations

	Conclusions
	Acknowledgements
	References


